Since careful surgery is the key to a successful and viable preparation, surgical technique is outlined in some detail. Three male rats of the same strain (Sprague-Dawley), weighing approximately 300 grams, are required for each preparation: one rat to supply whole blood, a second to supply plasma, and a third from which the visceral organism itself is made. All rats were fasted for more than 18 hours and anesthetized with Nembutal, 5 mg. per 100 gm. of body weight given intraperitoneally. Heparinized whole blood and plasma were obtained from the animals given an intravenous injection of 100 units of heparin beforehand. The animal from which the visceral organism is made should not be heparinized. Tracheal cannulation was carried out so that mucous may be removed if necessary by mild suction. The preparation of a visceral organism is carried out in three stages: (1) abdominal surgery, (2) thoracic surgery, and (3) transfer into the incubator and connection with the infusion and respiratory pumps.
Abdominal surgery
A midline incision is made from the sternum to the pubis. The intestines are protected by gauze moistened with warm saline solution. The large intestine is first removed as follows: While the ileum is held at the ileocolic juncture, it is freed of portal vein tributaries and adjacent lymph glands. A drainage tube of a suitable size is introduced into the lumen of the ileum to form an artificial anus. The caecum is dissected free of the mesentery, and vessels are severed between ligatures. The large bowel is freed from the splanchnic circulation; usually three groups of vessels have to be ligatured. The rectum is divided between ligatures, and the large bowel is removed. Splenectomy is done, the vessels being ligated in two groups and cut. The abdominal viscera are wrapped in warm gauze and raised into the upper abdominal cavity. The left renal artery and vein are identified and separated from the surrounding adipose tissue. First, the renal artery and then the vein are ligated with the same thread. Attention should be paid to the location of the ligature so that it does not occlude the inferior suprarenal arteries. After separating the kidney from the abdominal wall, the ureter is cut, and the kidney is removed. The spermatic vessels are also cut between ligatures. The right kidney is then removed in a similar manner. After bilateral nephrectomy, the aorta and the inferior vena cava are exposed separately at a point about one and one-half centimeters below the renal vessels. Both the aorta and vena cava are isolated by blunt dissection up to the level of the renal vessels. Since the vena cava is fragile, care must be taken in its dissection. The operator will then encounter a pair of the lumbar arteries that must be cauterized by an electric cautery. It may be necessary to cut the left iliolumbar vessels beforehand, since it improves the exposure of the lumbar branches. The vena cava is then ligated at the same level as the aorta. About half a centimeter above this ligature, loose ligatures are placed under the vessels to be cannulated. The aorta and vena cava are cannulated according to the usual technique. Both cannulae should be heparinized beforehand and inserted with one end occluded. Care should be taken that the ligatures on the cannulae are quite secure, or they may slip off during subsequent manipulation. The aorta and vena cava are divided below the distal end of the cannulae. The separation of the abdominal aorta and vena cava from the posterior wall is continued until the pillars of the diaphragm are reached. Two additional pairs of lumbar vessels, the first arising at the level of the renal arteries and the second just below the crura of the diaphragm, must be adequately cauterized. After it is confirmed that no bleeding points remain, the intestines are replaced in the abdominal cavity and warm gauze is placed over the abdominal incision.
Thoracic surgery
Artificial respiration is established. Overventilation is to be avoided. At the expiratory phase, an incision is made in the central tendon of the diaphragm which is avascular. Through this window the pericardium, which unites the heart to the anterior chest wall, is carefully trimmed. A strictly midsternal incision is then made, connecting the previous incisions in the neck and abdomen. The thorax is opened gently by applying the force symmetrically on each side of the divided sternum and fixed in a half-opened position by clips which tie the sternum to the side of the operation pan. It is quite essential not to open the thorax too widely or it may impede the venous return through the jugular veins. The pericardium is completely trimmed off and the mammary vessels are cauterized close to their origin. The diaphragm is trimmed around the vena cava, and the phrenic nerves are severed. The branches of the musculophrenic vessels into the diaphram should be identified and cauterized completely to prevent bleeding. When observed closely, the main trunk of the thoracic duct can be identified in the crura of the diaphragm. Because of the technical difficulties, however, no attempt is made to preserve the thoracic duct. The abdominal viscera wrapped in warm gauze are pulled up gently in order to facilitate the cauterization of the intercostal vessels. The thoracic aorta is freed of fascia by rubbing with a ball of absorbent cotton. When this is done adequately, the intercostal arteries can be partially exposed. The cautery is applied to this series of small vessels from lower level to the azygos vein. During this step, care should be taken to provide adequate ventilation to the lungs. Since the twelfth intercostal and the subcostal vessels are usually found in the thick crura of the diaphragm, special care should be taken not to miss these vessels. It is advisable that they be clamped together by means of a small hemostatic forceps and cut close to the thoracic wall, then cauterized before the forceps are removed. The brachiocephalic artery and the right internal jugular vein are then tied and divided, as are the common carotid and subclavian arteries and the superior vena cava in another ligature. The vagus nerves are severed. The trachea is freed above the point of cannulation and severed, the thyroid gland being excluded completely from the preparation. The esophagus, unless cannulated, is cut between ties. The tracheal cannula is used as a handle and the thoracic viscera are separated from the carcass by cauterizing the upper intercostal vessels. Any bleeding from the operation sites should be stopped.
Transfer into an incubator
The preparation, now completely separated from the body wall, is transferred to a warm saline moistened pad of absorbent cotton placed on a metal plate, 5.5 x 9.5 cm. Kinking of the inferior vena cava is prevented by means of a suitable metal diaphragm attached to the plate. At this stage of the operation the heart should be beating regularly. The visceral organism placed on the cotton bed is introduced immediately into the incubator. This is a plastic box, 4 x 10 x 15 cm., having four openings in the wall, two in the front, one in the back and another in the side wall. The incubator contains about 100 ml. of physiological saline solution which, although not in contact with the preparation, serves to maintain a saturated atmosphere within it. The incubator is maintained at 380C. by a water bath. The tracheal cannula is passed through a front opening in the incubator, as are the other cannulae, shown in in the preparation. The metal bed on which the preparation lies is designed to incline at an angle of more than 20 degrees so that venous return to the heart is facilitated. Care should be taken to avoid any strangulation of the intestines. After approximately ten minutes, the small intestine begins to show vivid peristalsis. Peristaltic activity is apparent in the duodenum throughout the entire period, whereas almost none is observed in the stomach. This is in marked contrast to previous observations made in dogs and cats where the stomach was the most rhythmically active in the whole gastrointestinal tract."9 The excrements from the intestinal lumen are collected through the artificial anus into a graduated test tube kept outside the incubator (Fig. 1) . The operation usually takes about 50 minutes to complete.
MAINTENANCE OF THE VISCERAL ORGANISM

Fluid balance
The greatest difficulty encountered in maintaining the visceral organism was the inevitable occurrence of extreme hemoconcentration. When whole so Volume 37, August, 1964 blood alone with an average hematocrit of 43 per cent was infused, the circulating blood in the preparation became dehydrated even in the early period of observation, reaching a final hematocrit of over 60 per cent. There are two reasons for this fluid loss: first, loss into the intestinal lumen, and second, loss into the incubator due to seepage through the severed and exposed lymphatic channels. Loss into the lumen of the intestine can be determined by the volume of fluid collecting in the vessel attached to the intestinal cannula. Losses from lymphatics or serous seepage of materials into the cotton pad on which the preparation had rested in the incubator were determined by analyses at the end of the experiment. Figure 2 shows the linear relationship between time of experi- ment and amount of glucose or urea nitrogen absorbed by the cotton pad. It should be emphasized that these determinations were made on excellent preparations in which no bleeding into the pad occurred. This suggests that there must be a constant loss of fluid that contains both glucose and urea through the lymphatic system or serous surfaces of the preparation.
To correct the progressive hemoconcentration, whole blood diluted with plasma was injected at a rate of 3.2 + 0.3 ml. an hour. The following mixture with an average hematocrit of 17 per cent was found to be the most satisfactory: four parts of whole blood, five parts of plasma, and one part of physiological saline solution containing 30 gamma of norepinephrine per milliliter. The hematocrit values of the visceral organism infused with this mixture at the above rate were maintained within the normal range: 51.9 ± 0.9% at 40 minutes, 50.8 + 0.9%o at 70 minutes, 51.9 + 1.3%o at 100 minutes, and 50.3 ± 1.4%o after 130 minutes (20 preparations).
The dry weights of various tissues in the visceral organism after 130 minutes of observation was identical with those measured in tissues taken from intact animals ( Table 1 ). The total water content of the visceral organism was estimated to be approximately 74 per cent of final wet preparation weight. The extracellular space of the organism as determined by the sodium thiocyanate method was 31 per cent, a value quite comparable to that obtained in intact animals ( Table 2 ). The average weight of the preparation is about 9 per cent of the body weight.
Respiratory exchange
Artificial respiration was maintained by introducing a mixture of 95%o 02 and 5%o CO2 into the tracheal cannula and interrupting the flow about 40 times a minute by means of a suitable pump. The fluctuation of the intratracheal pressure ranged from 4 to 10 centimeters H20. The gas mixture was bubbled through a large bottle containing hot water before admission to the preparation. The warmed and saturated gas mixture was also passed through the incubator containing the preparation so as to minimize the loss of gases, particularly C02, from the exposed surfaces of the preparation (cf. Fig. 1 ).
Acid-base balance
Since the visceral organism described in this paper was bilaterally nephrectomized, metabolic acidosis could be expected to develop. On the other hand, overventilation of the preparation might produce respiratory alkalosis. Consequently, the extent of the acid-base disturbances in the visceral organism under various conditions was determined. Oxygen and carbon dioxide contents of the whole blood were determined on 0.5 ml. blood samples with the Van Slyke-Cullen apparatus. The pH was measured at room temperature by means of a glass electrode and a Beckman pH meter, and corrected to 38°C. The total amount of CO2 in the whole blood was converted into the amount of CO2 in the plasma by multiplying by the correction factor obtained from the line chart given by Van Slyke and Sendroy.' The bicarbonate (BHCO3 in mM/L) and dissolved CO2 (pCo2 in mmHg) in the plasma were calculated by means of the Henderson-Hasselbalch equation, using 6.10 as the value of pK1.
The results obtained are listed in Table 3 . Oxygen saturation was always satisfactory under the various experimental conditions used. With the use of compressed air as the respiratory gas the pH of the whole blood was well maintained (pH = 7.24 ± 0.04) in spite of the drastic decrease in both bicarbonate (3.2 ± 0.4mM/L) and pCO2 (8.3 ± 0.04 mmHg). When 110 mg. of NaHCO3 was infused over 130 minutes, the bicarbonate content reached almost the normal level (23.5 mM/L), while the pCO2 remained unchanged (8.4 mmHg). Consequently, a marked alkalosis occurred. On the other hand, the use of 95% 02-5% CO2 without infusing NaHCO3 raised the pCO2 to the normal level (47.4 mmHg), while the bicarbonate content was elevated much less (9.6 mM/L), resulting in a marked acidosis. The combination of 95% 02-5%o C02 as the respiratory gas and the infusion of NaHCO3 in adequate amount was essential to maintain both the pCO2 and bicarbonate content at normal levels (Table   1201   look 3). Usually the infusion of about 90 mg. of NaHCO3 over 130 minutes was found sufficient for this purpose.
Blood pressure The general pattern of the blood pressure of the visceral organism over a four-hour period is shown in Figure 3 (average of 20 preparations). The rate of transfusion necessary to maintain this level of blood pressure was 3.2 ± 0.3 ml. an hour. Bleeding from the preparation is often indicated by the need for a greater rate of transfusion to sustain the blood pressure. Thirty minutes after setting up the preparation the systolic 84 Volume 37. August, 1964 pressure was 103 + 3.0 mmHg and four hours later was 71 + 7.3 mmHg. These pressure levels are considered high enough for the visceral organism to perform its usual physiological functions. The pulse pressure was maintained at a fairly constant level of 30 mmHg over the four-hour period. The heart rate was 360 + 8 per minute (16 preparations) one hour after the start of experiment, a value which is not significantly different from that of the intact animal, which in five animals under Nembutal anesthesia was 328 ± 39 per minute. 
Control of temperature
At the beginning the temperature of the preparation was about 33GC. After approximately 20 minutes in the incubator it reached about 37°C. and was kept between 380C. and 390C. during the entire experimental period.
Survival
Up to the present time, 650 visceral organisms have been prepared. The initial 350 preparations were used mainly to establish the necessary surgical skill and conditions necessary to obtain a stable and sufficiently long-lived preparation. After the initial series, most subsequent preparations were maintained in a satisfactory condition for more than six hours. After this period, however, the intestines usually became distended with fluid and lost their motility. The precipitatory cause of death of the organism appeared to be cardiac failure resulting from this marked disturbance in the fluid balance. In a more recent series of experiments the occurrence of a marked reduction in the number of white cells in the circulating blood of the organism was observed. The results are shown in Table 4 . In spite of this reduction, the percentage distribution of the different types of leukocytes remained essentially unchanged. Although the 8s mechanism of this phenomenon requires further study, it is reasonable to suppose that this great reduction in the number of white blood cells, perhaps in part due to the absence of any bone marrow as well as the spleen, may play an important role in the pathogenesis of the autodigestion of the intestinal mucosa of the visceral organism that occurs in the later stages. 
Histological studies
Portions of the liver, duodenum, pancreas, and the adrenal glands were removed some two hours after the preparation was placed in the incubator, fixed in 10 per cent formalin solution and stained with HematoxylinEosin. The liver cells appeared normal, showing normal cytoplasm without clumping or dissolution of nuclear chromatin. Neither edema nor congestion were observed. In the duodenum the characteristic projections of villi with migratory lymphocytes were seen together with intact ducts of Brunner's glands. Many goblet cells were observed, indicative of increased Table 5 and Figure 4 . The rate in the first hour after 40 minutes of prior observation was 0.24 ml/hour/100 gm. body weight, a rate which is comparable to those found in the intact rat.5 As shown in Figure 4 , the rate of bile formation was maintained at a fairly constant level over a 220-minute period. Urea formation. The rate of urea formation, a good measure of the metabolic capability of the liver, was determined.6 As shown in Table 5 and Figure 4 , after 40 minutes of prior incubation, the rates were 2.6 mg. of urea nitrogen in the first hour, 2.0 mg. in the second hour, and 1.9 mg. per 100 gm. of body weight in the third hour. Since the rate of urea nitrogen formation in intact rats is between 2 and 3/mg/hour/100 gm. body weight,7 the rates observed in the visceral organism are good evidence that the liver in this preparation is producing urea at a normal rate. Bromsulphalein clearance. One milligram of bromsulphalein (BSP) was injected via the inferior vena cava and 40 minutes later another blood sample was withdrawn from the abdominal aorta. The average retention of BSP was 1.4 ± 1.0%o (5 preparations) , indicating excellent clearance of the dye.
a7 YALE JOURNAL OF BIOLOGY AND MEDICINE THE USE OF THE VISCERAL ORGANISM FOR METABOLIC STUDIES
The rate of utilization or production of a water soluble metabolite in the intact animal may be measured by constructing a balance sheet based on the following determinations: (a) The amount of the metabolite entering the organism during the experimental period, (b) the amount excreted in the urine or on occasion through the skin, and (c) the absolute change of the amount of the metabolite under study in the body fluids over the period of observation.
There are certain complications in the visceral organism that are not present in the intact animal. In the first place, there are additional channels by which a metabolite may leave the organism proper. One of these is by diffusion or secretion into the intestinal fluids which are continuously removed in this preparation; the other is the uncontrollable loss of fluid (and metabolites) from the exposed serous surfaces and severed lymphatics of the preparation. The magnitude of these losses can be considerable, as shown in Table 2 and Figure 2 , where the rate of accumulation of glucose and urea nitrogen in the absorbent pad in which the preparation rests in the incubator are shown. It will be seen that the loss of these metabolites occurred at a constant rate over the experimental period. Extraction and analysis of the cotton pad and of the intestinal fluid collected gives the total quantity of the metabolite leaving the body by these routes. In most experiments, the kidneys were removed but if left in situ any urine secreted must also be analyzed for the metabolite under study. Since a constant infusion of diluted blood is given to all preparations (cf. above) the amount of any metabolite introduced by this means must also be known.
The estimation of the absolute change in the quantity of a metabolite within the organism itself requires, in addition to analysis of the plasma or other extracellular fluid, knowledge of the volume of its distribution in the body water. Since such information was not available for the visceral organism it was necessary to determine this volume for each metabolite studied. So far, these have been glucose and urea. For glucose, the volume was assumed to be the same as the L-(+)-arabinose space, i.e., about 60 per cent of the preparation weight (Table 2) , while the distribution of urea was assumed to be the same as the total water content, i.e., about 74 per cent of the preparation weight. It should be noted that the distribution volume of glucose is equivalent to its distribution in about 84 per cent of the total water, indicating that in the visceral organism glucose is not confined to the extracellular fluid but enters into practically all the water.
An example of the application of the above procedures to the calculation of a metabolic balance for glucose is as follows: a visceral organism as Volum-e 37, August, 1964 weighing 31.7 gm. received 6.2 mg. of glucose in the diluted blood infusion over a 90-minute period. During this period, the plasma glucose fell from 203mg/100 ml to 155mg/100 ml, a decline of 48mg/100 ml. The absolute decrease in the glucose content of the preparation was 31.7 x 60 x 48 or 9.1 mg. This appears to indicate a considerable net glucose utilization. However, the cotton pad in the incubator contained 15.9 mg. of glucose at the end of the experiment. The intestinal fluids collected contained no glucose.
Consequently, the net balance sheet was 15.9-(9.1 + 6.2) or + 0.6 mg., a figure indicating that glucose utilization was practically equal to glucose production in this preparation under these conditions.
In a similar experiment in which urea nitrogen production was studied the results were as follows: Preparation weight 26.0 gm. Increase in plasma urea was 19 mg./100 ml. Hence, the absolute increase of urea nitrogen in the body fluids was 26.0 x 74 x 19 = 3.7 mg. Urea nitrogen infused 0.6 mg. Urea nitrogen in the intestinal fluids was 1.7 mg. and the amount absorbed into the pad was 4.0 mg. Consequently, the urea production in the 90 minutes of observation was 3.7 + 4.0 + 1.7 -0.6 = +8.8 mg. The importance of using a balance sheet for such a metabolite as urea should be emphasized. Because of its great diffusability it is lost in considerable amounts into both the intestinal fluids and into the incubator pad.
In subsequent papers, the application of these techniques to the study of the effect of certain hormones on the carbohydrate and protein metabolism of the visceral organism will be reported.
DISCUSSION
The advantages of the use of the visceral organism for the study of liver functions over the isolated perfused liver are: (1) the heart continues to beat during the surgical procedures, thus avoiding even temporary anoxia of the organs. This is important for an organ such as the liver which is markedly susceptible to oxygen lack. (2) In the visceral organism the liver receives its blood supply through its normal channels. ( 3) The enterohepatic circulation of bile salts and steroids is maintained. Consequently, it would be expected that the several liver functions described above would be better maintained in the visceral organism than in an isolated perfused liver. In Table 6 , a comparison is made of the bile production and urea formation during the third hour of observation between the visceral organism and the isolated perfused rat liver as reported by other investigators.8" Since the original data for the perfused liver are expressed differently by other authors, they have been recalculated and are shown in Table 6 (last column) as ml. (bile) or mg. (urea-N) per hour per 100 gm. of body weight, assuming the liver weight to be 2.8 per cent of the body weight. It is apparent from Table 6 that the liver in the visceral organism maintains a much better function of bile secretion and urea formation than does the isolated perfused liver. Indeed, these liver functions are quite comparable to those of the intact animal. It should also be noted (Table 6 ) that the circulating blood volume in the visceral organism is far less than the amount of blood necessary to maintain the perfused liver. This is an additional advantage of this preparation over the isolated perfused liver, since it reduces to a very considerable degree the effect of the introduction of humoral factors from the blood of donor rats on the liver. Although this technique has some drawbacks, such as the need for a high degree of surgical skill, nevertheless, it is a technique for studying the liver functions under more physiological conditions than those existing in the isolated perfused liver. Since the visceral organism can be considered as a living symbiosis of selected organs, it has numerous uses in physiological studies of the viscera. Furthermore, the number of organs remaining in the preparation can be modified accordingly. For example, in a few experiments the kidneys were left intact and both ureters were cannulated. In these preparations urine flow occurred. Thus, the visceral organism can be easily modified for the study of its renal function under various conditions. The visceral organism also lends itself to the study of the effects of insulin or the adrenal steroids on the carbohydrate and protein metabolism of the preparation, since the adrenal glands or the beta cells of the islets of Langerhans may be removed together or separately. Such studies will be reported in a subsequent paper.
SUMMARY
A technique for the preparation of a visceral organism in the rat is described. The successful application of this preparation to metabolic studies was achieved by establishment of a stable state in which the blood pressure, fluid, and acid-base balance were maintained at or close to normal levels. Several aspects of the liver function of these preparations were maintained within the physiological range over a period of several hours. Methods for obtaining quantitative balance sheets for certain metabolites such as glucose and urea are described. A comparison has been made of certain aspects of liver function in this preparation with those of the isolated perfused liver.
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